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Abstract
The neurofibromatoses (NF) are incurable genetic disorders that can cause nerve sheath tumors, chronic pain, and dis-
figuration. Patients with NF report lower quality of life and greater distress, and may benefit from programs that promote 
resiliency. To test effects of an 8-week mind–body program (Relaxation Response Resiliency Program for NF [3RP-NF]) 
on resiliency, using data derived from a larger randomized controlled trial of the 3RP-NF versus attention placebo control 
(Vranceanu et al. in Neurology 87:806–814, 2016). Participants (N = 63; 46 female; 52 White) were randomized to 3RP-NF 
(n = 32, Mage = 42.86) or control (n = 31, Mage = 39.90), completed intervention sessions via group videoconferencing, and 
provided self-report measures of resiliency (i.e., perceived coping abilities, perceived social support, gratitude, optimism, 
spiritual well-being, mindfulness) at baseline, post-intervention, and 6-month follow-up. All participants attended at least 
6/8 sessions and 83% (N = 52) provided 6-month follow-up data. The 3RP-NF (vs. control) produced greater improvements 
from pre- to post-intervention in perceived coping abilities (Mdifference = 6.68; p = .008), perceived social support (Mdifference 
= 9.16; p = .032), and mindfulness (Mdifference = 2.23; p = .035), which were maintained at 6-month follow up. We did not 
observe group differences in spiritual well-being, optimism, or gratitude. The 3RP-NF produced sustained increases in mul-
tiple dimensions of resiliency (perceived coping abilities, perceived social support, and mindfulness). Promoting resiliency 
may be particularly important for a population that is underserved and living with a chronic, incurable illness.
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Introduction

The neurofibromatoses (NF) are a group of heterogeneous 
genetic disorders (NF1, NF2, and schwannomatosis) that 
predispose patients to develop nerve sheath tumors, which 
can occur anywhere in the body and cause disfiguring cuta-
neous tumors (NF1); hearing loss, facial weakness, and poor 
gait (NF2); and chronic pain (schwannomatosis). NF1 is the 
most common of the neurofibromatoses, occurring approxi-
mately 1:2700 live births [1], and NF2 and schwannomatosis 
each have estimated birth incidences of 1:25,000–33,000 
[2–4]. There is no cure for NF, and surgery and palliative 
measures are the primary means of treatment.

Patients with NF have lower quality of life [5], greater 
symptoms of depression and anxiety, higher levels of stress, 
more pain, and lower self-esteem, relative to population 
norms [6–9]. The level of emotional distress in patients with 
NF is comparable to that of patients with other medical con-
ditions (e.g., cancer) [6]. Disturbances in emotional func-
tioning appear to be independent of NF severity [6, 10], sug-
gesting that psychosocial factors play an important role in 
determining patients’ experiences of NF. Despite differential 
biological mechanisms of disease, the psychosocial profile is 
similar among patients with NF1, NF2 and schwannomatosis 
[5, 6]. Similar to patients with other chronic illnesses [11], 
patients with NF who self-report more difficulty coping and 
depression symptoms also undergo more medical visits [12].

Resiliency—the process of adaptation or ‘bouncing back’ 
in the face of adversity [13–15]—is a multidimensional con-
struct that has positive associations with numerous health 
outcomes [16]. Several modifiable psychosocial factors that 
have been shown to promote successful adaptation include: 
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coping skills (i.e., the ability to utilize multiple coping strat-
egies effectively) [17, 18]; mindfulness (i.e., the ability to 
remain attentive without making judgment) [19, 20]; social 
support (i.e., the ability to meet needs through interpersonal 
interactions) [21, 22]; gratitude (i.e., the ability to appreci-
ate what one has) [23]; optimism (i.e., holding “generalized 
favorable expectancies”) [24]; and spiritual well-being (i.e. 
a sense of meaning, peace, and the role of faith) [25].

Promoting resiliency is particularly relevant to patients 
with NF who live with a progressive, incurable disease. 
Vranceanu et al. recently adapted a Relaxation Response 
Resiliency Program to address needs of the NF population 
(i.e., 3RP-NF) [26], including intervention delivery via 
secure videoconferencing to reduce barriers to care (e.g., 
travel) [27]. Although components of the 3RP-NF were 
designed to address a complex interplay of psychosocial 
resiliency factors [28], Vranceanu and colleagues’ pilot ran-
domized controlled trial was designed as a feasibility and 
acceptability trial, and primary outcomes were quality of 
life and mental health symptoms. Relative to the attention 
placebo control, the 3RP-NF produced sustained increases in 
Physical, Psychological, Environmental, and Social Quality 
of Life and anxiety symptoms [26].

An important next step in this line of research is to under-
stand the effects of the 3RP-NF on its proximal treatment 
targets, including resiliency. These additional analyses are 
necessary, because understanding which targets were most 
robustly impacted will inform future iterations of treatment 
development. The purpose of this secondary analysis is to 
examine effects of the 3RP-NF on multiple dimensions of 
resiliency. We hypothesized that participants randomized to 
3RP-NF (vs. control) would demonstrate improvements in 
perceived coping abilities, perceived social support, mind-
fulness, gratitude, optimism, and spiritual well-being at 
post-intervention, which would be maintained at 6-month 
follow-up.

Methods

Patient population and data source

Participants included 63 patients with NF who enrolled 
in a pilot feasibility and acceptability trial of the 3RP-NF 
(NCT# 02298270). Details regarding recruitment and study 
design have been published previously [26]. All study proce-
dures were approved by our Institutional Review Board. We 
recruited a geographically diverse sample via an email to the 
NF registry (http://www.ctf.org/understanding-nf/nf-regis-
try), which advertised groups for patients with difficulty cop-
ing with NF. Potential participants were screened in an inter-
view via Skype for inclusion (NF diagnosis; age ≥ 18; ability 
to read English, provide informed consent and comply with 

study procedures; self-reported difficulty coping with NF) 
and exclusion criteria (severe psychopathology; unwilling 
or unable to use Skype). Informed consent was obtained 
from all individual participants included in the study. After 
providing informed consent, participants completed baseline 
questionnaires via a secure web portal (REDCap) [29] and 
were randomized to intervention condition. Post-treatment 
questionnaires were completed via REDCap within 1 week 
after the final session and at 6-month follow-up.

Active and control intervention conditions

A detailed description of active and control conditions has 
been published previously [26]. Both interventions were 
conducted across eight 90-min group sessions Vranceanu 
et al. who have prior experience working with the NF popu-
lation [26]. All sessions were conducted via Skype vide-
oconferencing, and followed fidelity guides and participant 
manuals. Sessions were conducted during weekends to 
accommodate heterogenous time zones and maximize 
participation.

Active intervention

The 3RP-NF was adapted from the Relaxation Response 
Resiliency Program [28] based on qualitative data col-
lected via in-person focus groups and exit interviews with 
NF patients following an open-label pilot [30]. The 3RP-
NF is aimed at increasing resiliency through integration of 
three interrelated components: (1) Relaxation Response-
Elicitation, (2) Appraisal and Coping, and (3) Growth 
Enhancement. The Relaxation Response-Elicitation includes 
techniques that are designed to elicit a state of calm and 
awareness, and a primary target is mindfulness (see Fig. 1). 
Components of Appraisal and Coping are designed to facili-
tate adaptive thinking in the face of NF-related stressors, 
and a primary target is perceived coping ability. Growth 
enhancement addresses connectedness to self and others, 
and primary targets include perceived social support, spir-
itual well-being, optimism, and gratitude.

Control intervention

The Health Enhancement Program for NF (HEP-NF) [26] 
provides psychoeducation to enhance general health (e.g., 
exercise, nutrition, patient-provider communication). NF-
specific adaptations were made utilizing educational materi-
als from the Children’s Tumor Foundation and the Center for 
Disease Control. All sessions followed the same format as 
the 3RP-NF (e.g., each session began with review).

http://www.ctf.org/understanding-nf/nf-registry
http://www.ctf.org/understanding-nf/nf-registry
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Measures

Perceived coping abilities

The Measure of Current Status-A (MOCS-A) [31] uses 
13-items to assess perceived ability in using relaxation, rec-
ognizing tension and stress-inducing situations, assertive-
ness, and ability to restructure thoughts and choose appro-
priate coping responses. Items are rated on a scale from 0 (I 
cannot do this at all) to 4 (I can do this extremely well) and 
summed to create a total score with higher scores represent-
ing greater perceived coping ability (range: 0–52).

Perceived social support

The Medical Outcomes Study Social Support Survey (MOS) 
[32] is a 19-item measure that assesses perceived availability 
of social support across four domains: emotional, tangible, 
affectionate, and positive social interaction. Items are rated 
on a scale from 1 (none of the time) to 5 (all of the time) and 
summed to create a total score with higher scores represent-
ing greater perceived social support (range: 19–95).

Gratitude

The Gratitude Questionnaire (GQ-6) [33] is a 6-item 
measure that assesses experience of gratitude in daily life. 
Items are rated on a scale from 1 (strongly disagree) to 7 

(strongly agree) and summed to create a total score with 
higher scores representing a greater disposition towards 
gratitude (range: 6–42).

Optimism

Life Orientation Test Optimism Scale (LOT) [34] is an 
8-item measure that assesses the tendency towards opti-
mism vs. pessimism. Items are rated on a scale from 0 
(I disagree a lot) to 4 (I agree a lot), reverse coded as 
appropriate, and summed to generate a total score (range: 
0–32) with higher scores representing greater optimism 
(i.e., holding “generalized favorable expectancies for the 
future”) [24].

Spiritual well‑being

Functional Assessment of Chronic Illness Therapy-Spirit-
ual Well-Being Scale (FACIT-Sp) [25] is a 12-item meas-
ure that assesses a sense of meaning, peace, and faith, 
during the past 7 days. Items are rated on a scale from 0 
(not at all) to 4 (very much) and summed to create a total 
score and three facet scores (meaning, peace and faith) 
with higher scores representing greater spiritual well-
being (total score range: 0–48; facet score ranges:0–16).

Fig. 1   Visual depiction of how 
3RP-NF treatment components 
targeted individual resiliency 
dimensions
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Mindfulness

The Cognitive and Affective Mindfulness Scale (CAMS) 
[35] is a 12-item measure that assesses the degree to which 
individuals are mindful of and experience their thoughts and 
feelings in the present moment. Items are rated on a scale 
from 1 (rarely/not at all) to 4 (almost always) and summed 
to create a total score with higher scores representing greater 
mindfulness (range: 12–48).

Data analytic strategy

We conducted secondary data analysis of a randomized con-
trolled trial [26] to test the hypothesis that participating in 
the 3RP-NF increased resiliency factors. We utilized mixed-
model repeated-measures ANOVA to test the effects of 
treatment condition across time. Linear contrasts were used 
to compare the effect of the intervention on changes from 
baseline to post-intervention and from the post-intervention 
to 6-month follow-up. To reduce the threat of bias, analy-
ses followed the intent-to-treat principles. Use of a mixed 
model permitted inclusion of participants lost to follow-up 
and yields unbiased estimates assuming that data were miss-
ing at random conditional on the observed trajectories. All 
analyses were conducted using the statistical program SPSS 
Version 24 (IBM Corp, 2016).

Power analyses

The target sample size of 30 completers per condition was 
based on recommendations for sample sizes for pilot RCTs 
and was considered to yield stable estimates of means and 
variance components based on recommendations for psy-
chosocial clinical trials [26, 36–39]. A priori power analyses 
also indicated that a sample size of 30 completers per condi-
tion would provide sufficient power (≥ 0.80) to detect mean 
differences between groups that would be considered large 
in magnitude (d = 0.8) [40].

Results

Sample characteristics and attrition

The sample demographics and attrition have been previ-
ously described [26]. All eligible participants (N = 63; 46 
female, 52 White) attended at least 6/8 sessions, provided 
posttest assessments (100%), and 83% completed the six-
month follow-up assessment (N = 52; 33% attrition in the 
HEP-NF group). No differences in demographics or study 
variables were observed between completers and non-com-
pleters. The sample was geographically diverse, with partici-
pants from Canada (n = 6), Australia (n = 1), England (n = 3) 

and 22 states within the United States (n = 53). No differ-
ences in demographic characteristics were observed across 
treatment condition. Sociodemographics are presented in 
Table 1, participant flow is presented in Fig. 2 and Table 2 
presents unadjusted means for the outcome variable at each 
time point.

Post‑intervention outcomes

Participation in 3RP-NF resulted in greater improvement 
in perceived coping abilities (Mdifference = 6.68; 95% CI 
1.78–11.58; p = .008; d = 1.17), perceived social support 
(Mdifference = 9.16; 95% CI 0.82–17.50; p = .032; d = 0.63), 
and mindfulness (Mdifference = 2.23; 95% CI 0.16–4.29; 
p = .035; d = 1.19), relative to HEP-NF. Specifically, for 

Table 1   Sociodemographic characteristics

No significant differences were observed by treatment condition (all 
ps > 0.1)
FT full time, PT part time, HS high school

3RP-NF (N = 32) HEP-NF (N = 31)

NF type
 NF1 20 (63%) 25 (80%)
 NF2 9 (28%) 3 (10%)
 Schwannomatosis 3 (9%) 3 (10%)

Age [M (SD)] 39.90 (11.17) 42.86 (13.45)
Gender
 Women 24 (75%) 22 (71%)
 Men 8 (25%) 9 (29%)
 Race
 White 27 (84%) 25 (80%)
 Asian 5 (16%) 2 (7%)
 Black 0 (0%) 4 (13%)

Marital status
 Single 13 (41%) 16 (51%)
 Married/living with partners 16 (50%) 13 (42%)
 Separated/divorced 2 (6%) 2 (7%)
 Widowed 1 (3%) 0 (0%)

Work status
 Employed FT 19 (59%) 19 (61%)
 Employed PT 6 (19%) 3 (10%)
 Student 1 (3%) 1 (3%)
 Retired 2 (6%) 1 (3%)
 Unemployed 0 (0%) 2 (7%)
 Other 4 (13%) 5 (16%)

Education
 Less than HS 1 (3%) 0 (0%)
 HS graduate/GED 1 (3%) 5 (16%)
 Some college 10 (31%) 8 (26%)
 College graduate 11 (35%) 12 (39%)
 More than college 9 (28%) 6 (19%)
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perceived coping abilities, participants in 3RP-NF improved 
by 8.96 points on average (95% CI 5.51–12.43; p < .001), 
while those in the HEP-NF improved on average by 2.29 
points (95% CI − 1.18–5.77; p = .19). On average, partici-
pants in 3RP-NF reported a 5.03 point increase in perceived 
social support (95% CI − 0.75–10.82; p = .087), whereas 
participants in HEP-NF reported a 4.13 point decrease in 
perceived social support (95% CI− 10.13–1.88, p = .174). 
Finally, participants in 3RP-NF reported a 2.97 point 
increase in mindfulness (95% CI 1.52–4.42; p < .001), on 
average, while participants in HEP-NF reported an average 
increase of 0.74 points (95% CI − 0.73–2.22; p = .318).

We did not observe group differences on spiritual 
well-being scores for neither the total score (Mdifference 
= 1.64; 95% CI − 1.66–4.93; p = .325), nor the Meaning 
(Mdifference = 0.72; 95% CI − 0.48–1.93; p = .233), Peace 

(Mdifference = 0.82; 95% CI − 0.28–1.94; p = .142), or Faith 
(Mdifference = 0.51; 95% CI − 0.60–1.58; p = .345) facets. 
No differences as a function of intervention condition were 
observed with regard to gratitude (Mdifference = 2.04; 95% CI 
− 0.57–4.65; p = .123) or optimism (Mdifference = 1.55; 95% 
CI − 0.75–3.86; p = .182).

Six‑month follow‑up outcomes

Participants in the 3RP-NF maintained their posttest 
improvement in perceived coping abilities, perceived social 
support, and mindfulness. Analyses showed no difference 
between groups in change between posttest and 6-month 
follow-up for perceived coping abilities (Mdifference = − 2.72; 
95% CI − 7.73–2.29, p = .281), perceived social support 
(Mdifference = − 2.62, 95% CI − 11.49–6.25; p = .555), and 

Assessed for eligibility (N=65)  

Enrolled (N=63) 

Screened out (N=2) 
Schizophrenia (N=1) 
Did not respond to email (N=1) 

Completed baseline assessment and 
randomized (N=63) 

3RP-NF intervention  
(N=32 allocated 
N=32 received) 

HEP-NF control (N=31 
allocated 
N=31 received) 

Posttreatment assessment 
(N = 32 provided post assessment 
and are included in analyses) 

Posttreatment assessment 
(N = 31 provided post assessment 
and are included in analyses) 

Six-month follow-up  
(N=32 provided follow-up data and 
are included in analyses) 

Six-month follow-up  
(N=21 provided follow-up data and 
are included in analyses) 

Unable to contact at six-
month follow-up (N=10)

Fig. 2   Study flowchart
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mindfulness (Mdifference = − 1.30; 95% CI − 3.44–0.84; 
p = .228), suggesting no additional differential group 
response during the follow-up period. Improvements in resil-
iency throughout the study period are presented in Fig. 3.

Discussion

Although previous work has demonstrated that the 3RP-NF 
improves quality of life among patients with NF [26], this is 
the first study to examine its effects on multiple dimensions 
of resiliency. Patients who received 3RP-NF (vs. HEP-NF) 
reported greater improvements in perceived coping abilities, 
perceived social support, and mindfulness, which were sus-
tained during the 6-month follow-up period. No differences 
between treatment conditions were observed for spiritual 
wellbeing, gratitude, or optimism.

Patients with NF encounter multiple disease-related 
stressors, including uncertainty about prognosis, disfig-
urement, and pain. Current medical treatments are limited 
to surgical interventions and palliative care, and there is 
an increasing interest in factors associated with successful 
adaptation to NF. The ability to cope with disease-related 
stressors, access social support, and attend to symptoms 
and stress non-judgmentally have been shown to improve 

health outcomes in other populations [41–43] and identi-
fied as important targets for psychosocial interventions for 
medical illness [43, 44]. Thus, it is encouraging to observe 
that the 3RP-NF (vs. HEP-NF) produced sustainable 
increases in perceived coping abilities, perceived social 
support, and mindfulness, which were targeted individu-
ally by each of the three respective treatment components 
(appraisal and coping, growth enhancement, relaxation 
methods).

Table 2   Unadjusted baseline, posttest, and 6-month follow-up scores 
for resiliency factors

Unadjusted mean scores are presented for reference. Statistical analy-
ses were conducted using mixed-model repeated-measures ANOVA, 
and significant differences an adjusted mean differences are reported 
in text

Baseline
M (SD)

Posttest
M (SD)

Six-month follow-up
M (SD)

Perceived coping ability
 3RP-NF 23.58 (10.11) 32.66 (9.49) 32.34 (6.44)
 HEP-NF 17.78 (10.60) 20.06 (12.23) 23.45 (10.22)

Perceived social support
 3RP-NF 68.67 (18.92) 74.61 (21.81) 76. 88 (19.20)
 HEP-NF 64.90 (20.60) 62.25 (21.77) 66.35 (22.70)

Mindfulness
 3RP 30.34 (5.85) 33.31 (4.26) 33.31 (4.34)
 HEP-NF 26.52 (5.19) 27.26 (5.69) 26.42 (6.43)

Gratitude
 3RP-NF 32.25 (6.78) 35.00 (6.52) 35.19 (5.52)
 HEP-NF 31.35 (6.05) 31.03 (7.10) 34.22 (5.87)

Optimism
 3RP-NF 13.03 (5.20) 15.06 (5.20) 15.31 (3.82)
 HEP-NF 11.68 (4.44) 12.90 (3.94) 12.31 (4.25)

Spiritual well-being
 3RP-NF 23.74 (8.28) 26.84 (7.15) 27.84 (6.17)
 HEP-NF 21.23 (7.63) 22.61 (8.28) 24.47 (9.42)
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It is possible that we were unable to detect significant dif-
ferences in spiritual well-being, optimism, and gratitude due 
to the small sample size and pilot nature of the current study. 
Within-group analyses revealed increases in optimism and 
spiritual well-being within the 3RP-NF group, suggesting 
that optimism and spiritual well-being should be studied in 
larger trials. Additionally, spiritual well-being, optimism, 
and gratitude were resiliency dimensions targeted by the 
growth enhancement treatment component. Given that we 
did observe significant increases in perceived social support, 
which was also identified as a target of the growth enhance-
ment component, future research should examine whether 
additional treatment components are needed to facilitate 
growth enhancement.

Strengths of the current study include a multidimensional 
assessment of resiliency, limited attrition, 6-month follow-
up period, and use of videoconferencing. Telemedicine can 
remove barriers to care including lack of access (e.g., in 
rural areas) and the time and cost associated with travel [27]. 
Our team [26] examined the acceptability of delivering the 
3RP-NF intervention via videoconferencing and concluded 
that patients with NF were particularly amenable to learning 
psychosocial skills via teleconferencing and that telemedi-
cine may be an optimal means of reducing barriers to treat-
ment among patients with NF.

Despite these strengths, several limitations should be 
discussed. First, the clinical trial was primarily designed to 
address acceptability and feasibility, and was powered to 
detect only large effect sizes. As such, we may have been 
unable to detect small to medium effects of the 3RP-NF 
on our outcome variables. Second, resiliency is a multidi-
mensional construct that can be difficult to operationalize 
[45]. Although we utilized multiple reliable and valid meas-
ures of factors related to resiliency, future research should 
also examine additional factors (e.g., emotion regulation, 
distress tolerance, intolerance of uncertainty) that may 
be related to resiliency. Future studies should also assess 
biological factors associated with resiliency. For example, 
researchers have proposed that improvements in resiliency 
constructs (e.g., perceived social support, perceived cop-
ing abilities) could have protective effects on physiological 
stress-responses in both the hypothalamic pituitary adrenal 
(HPA) axis and the sympathetic nervous system [46]. We 
were also unable to collect a thorough medical history or 
conduct neuropsychological assessments, and it is not clear 
to what extent resiliency and improvements over the course 
of the study may be associated with prior medical history or 
comorbidities (e.g., surgical treatments, comorbid chronic 
pain syndromes, neuropsychological deficits). Third, our 
assessments at post-intervention and 6-month follow-up 
did not allow us to examine changes in resiliency through 
the course of treatment. Additional research should examine 
the trajectory of changes in resiliency in order to determine 

whether such also lead to improved disease outcomes and 
long-term quality of life, or whether improved resiliency 
may serve as a factor that enhances treatment engagement. 
We also observed a 33% attrition in the HEP-NF group 
at 6-month follow up. It is unknown whether attrition in 
the control condition could have been affected by either a 
delayed improvement in resiliency (i.e., participants who 
improved later may have dropped out when feeling bet-
ter) or a decrement in resiliency (i.e., participants may 
have dropped out if they were experiencing more difficulty 
in multiple resiliency domains) from post-intervention to 
6-month follow-up. Fourth, all intervention sessions were 
delivered by Vranceanu et al. [26]. Although we took steps 
to promote treatment fidelity via the use of fidelity guides 
and patient manuals, fidelity was not assessed by independ-
ent raters. Finally, our sample was predominantly white, 
female, employed, and well educated. Baseline scores on 
resiliency factors (e.g., coping, mindfulness) were similar 
to scores previously observed among patients with NF and 
other neurological conditions [26, 30], however, norms for 
the resiliency measures are not available in NF patients, 
and it is not known the extent to which participants’ base-
line scores on the resiliency measures are representative of 
the greater NF population. Therefore, although we sought 
increase generalizability via recruitment of a geographi-
cally diverse sample (i.e., patients from 4 countries and 22 
US states), future research is needed to determine how well 
results generalize to a larger NF sample.

The 3RP-NF intervention has previously been shown 
to improve short-term quality of life among NF patients 
[26], and our results indicate that 3RP-NF also increases 
multiple factors related to resiliency. The intervention pro-
duced increases in perceived coping abilities, perceived 
social support, and mindfulness, which were sustained at 
6-month follow-up. Taken together, our results indicate that 
psychosocial interventions can promote resilience among 
patients with NF and that 3RP-NF may be efficacious in tar-
geting multiple dimensions of resiliency. Results also have 
the potential to inform future treatment development for 
patients with NF. For example, given known positive asso-
ciations between resiliency and mental and physical health 
outcomes [47–49], interventions that promote resiliency, 
such as the 3RP-NF, may be investigated for the treatment of 
multiple concerns (e.g., depression, anxiety, disease-related 
symptoms).
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